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SUMMARY

In conjunction with assumptions concerning the proportion
of time spent at various speeds, statistical gust date were used
to determine gust load factors thet could be exceedod a glven
number of times during the operaticnal life of an airplane. The
results indicated that present gust load factors might be consider=-
ably lowsred in certalin cases with a consequent decrsase in struciural
welght. Modification of the pfesent criterion, however, must await
the accumulation of data not presently avalleble.

IRTRODUCTION

Structural design requlrements for airplanes coarmonly include
the determination of gust load factors, which are based on the
combination of certaln sffectlve gust veloclties with arbitrarily
chosen design speeds. Although the currently used design gust
velocity of 30 feet per second has proved to be reasonably cone
servative when epplied in the neighborhood of the design high speed,
the degyree of conservatlsm, as well as the choice <f a sultable
value of design gust velocity for application at other speeds, has
frequently besn the subject of comtroversy. The comtroversy has
resulted both from a lack of statisticael date sufficiently extensive
to permit the accurste determination of the probablility of Ffallure
for any assumed set of conditions and fram the fact that & reasomsble
value for the probability of failure has never been specified.

The determination of the lilfe expectancy of an alrplane

requlres a knowledge of the frequency of occurrence of atmospheric
gusts in combination with a kmowledge of the time spent at verious
airspeeds (speed~time distribution). Although average gust frequency
hes been reasonably well determined and reported in reference 1,

data on specd~time distribubion are completely lacking. Despite this
lack of date, however, 1t is possible (1) to assume reasonable or
limiting values of various parameters that relate tp speed, speed-time
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distridbution, permissible number of times thet a given load can be
exceedod during the operatlonsel life of an alrplanc, wing loading,
end airplene and operating conditions, and (2) to apply the assumed
velues to representative cases o determine whethor present require-
ments glve enswors that appesr reesonabdle.

As the result of such an analysis, the present paper shows tho

Influence of operatlonal spoed, elrplane life, speced-time distribution,
and wing loading on airplene life expectancy and indicates poszible
extreme cages for which present design requirements are inadequate or
unressonable.

Upft

@1

SYMBOLS

offective gust velocliy, feet per socond
gross welght of airplané, pounds
wing area, square feet

wing loeding, pounds per squere foot

mness denslty of alr at sea level, slugs per cubic
foot

equivalent airsgpeed, miles per hour

meximm equivalent permissible gliding or diving
fpeed, miles per hour

meximum equivelent airspeed in level flight, miles
Per hour . :

airplene operational life, miles

gpeed digtribution, ratio of miles flown in each airspeed
bracket to total number of miles flown

meen geometric wing chord, feet

mmber of allowable criticel gusts in oach airspeed
bracket (A critical gust is a gust that results in
& load egual to or oxceeding the design applied load
for the alrpleanc.)

relative alleviation factor (reference 1)
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m slope of wing iift curve corrected for aspect ratic, per radien
n airplene load fachtor, g units
increment of load factor, g unltis

An
fnr increment of load factor resulting from a 30-foot~per-second
gust acting at V‘L

A spacing of critical gusts for alrplene with mean gecmetric
wing chord of 1 foot (The mean distence along a flight
path between critical gusts for any airplene ls then xcrb‘.)

W eirplane gust parameter, accelerstion in g units per unit gust

( 1.4ToguEVeS Mo
W= <

=
o Uprp

=

Mach number

CN maximm normel-force coefficient
INFORMATION REQUIRED

Before an analysis can be made to. determine the design load
factor, 1t will be necessary to know, or to be sble to assume, the
spacing of critical gusts Ag,., the spsed distribution in terms of

Vo &@nd £y, the number of allowable critical gusie d, and the
alrplane operatiomal 1ife L.

Spacing of critical gusts.- In order to determine the spacing
of critical guets, 1t is necessary to know elther the actual
frequency dlstribution of gust intensity or the relatlive frequency
distribution of gust intensity in combination with a number that
exprosses the aversge number of guste that willl be experienced per
mile of flight. At the present time, the only avalleble data have
been sumErized in reference 1, in vhich the relabive distribution
of effective gust velocity has been showm t6 be essentlally Inde-
pendent of terrain, altitude, alrplane slze, and alrplane charac-
teristics; as a result, two limiting unit summation curves of
effective gust velocities wors presented. These curves are
reproduced herein as figure 1. Curve A indicates & more froquent
occurrence of large gusts than curve B; hence, in the interests of
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conservatiem, curve A was selected as the basis for the following
analysis.

The analysis of total gust frequency gilven in reference 1
shows that the total gust frequency per operating mile depends
largely on the terrain and on the operational altitude and is
inversely proporiional to the mean geometric wing chord. For
average &airline operating conditions approximately five significant
gusts per mile will be experienced by an alrplane with a mesn
geometric wing chord of 10 feet; hence, the total frequency can be
expressed. ag 50/T gusts per operating mile.

Curve A of figure 1 and the tobal guat frequency per
operating mile can now be combined to obtain & general cuxve of
the average number of mlles that must be £flown to encounter one
gust equal to or greater thon a glven intensity. The result is
shown in figure 2, which includes the occcurrence of both posltive
end negative guste, and 18 based on a velue for € of 1 foot.

In order to apply this curve to any airplane, it is necossary only
to multiply the ordinate (spacing of critical gusts per mile) by
the mean geometric wing chord. _

Speed distribution.- Inasmuch as airplanes generally fly at
speeds that are highly veriable, it is nocessary to define the
frequoncy distribution of speed in terms of percont of total £light
miles spont in different clameifications of indicatéd alrspced.
Statlstical date of this kind are currently lacking; nevertheless,
it is possible to mako reasonsble assumptions regerding the speed
dlstribution and to show the effect of varying such assumptions.

Number of critical gusts.- Selection of the total number of
critical gusts that cen be permitted during the operationel life of
en airplane is lergely & matter of Judgement. In view of the current
use of multiplying factors of safety, 1t appears Peasonable to assume
that more than one critical gust can be permitted; on the other hend,
the dogree of congervetism of the alrplane design is decroased as
the nmumber of critical gusts incresses.

Operations] life.~ The operational 1life of the airplane is
defined as the average number of miles that the alrplanc muet fly
before 1ts structural integrity can be questioned. This definition
should not be construed to mean that the (static) structural strength
of the alrplene is decressed as a result of the repeated loads to
which it 1s subJjected; it means, rather, that oxperience shows that
the V-G dlagram continuvelly grows as the number of miles flown
Increases. The structural life willl depend on both the airplane type
and the airpiene mission « a fighter alrplanc in combat service will
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ronulre enly a chordt o oovctlonnl 3420 o3 aqryarai vl o0 L o0t
airplens. :

' METHOD OF ANALYSIS

Given the foregeoing information, the anelysis is carrlied oui
ag follows:

(1) The spacing of critical gusts in each speed classificatiom,
in miles, 1s obtained 'by substitution of appropria:be valueoe in tho
formila

L‘f
T
Por = g

(Note that & has been included in -l:h:ts Pormmle o reducc the caso
to that of an- airplane with a moan geometric wing chord of 1 foot.)

(2) From figure 2, with velues of Aoy Ynown, tho correspending
values of offective gust voloclty Uges can be obtained. If the

value of Ugpr and the alrspesd corresponding to cack spved classl-
fication aro known, the increment of gust lond factor for ench
spoed ols.ssification can be obtained by substitution in the ususl
qust formula -

o= :.L 4752w0 6ffves o (),

"Tho points thus obtained m.,.y ba plot‘becl on the Y- dlagram for t};e
alrplene under consideration. (When aaplying the usual Gleuert )
compressiblility correction as in the case of tho hizm-speed Tighter-

type alrpland considered subsequontly, replacc m by m/ Vi - E
whero M 16 tho Mach muber for the altitude undér consideration.)

EXAMPIES -

Since alrplanes according to their intended usc are usually
divided into classes for purposos of struiurel dosign and the
1iml+t maneuver factors are specified accordingly, the results of
the enalysis will obviously be affected by the -intonded use of the
airplane. For the present paper, thorefore, calculations werc mado
for various values of airplanc operational life and spoed distributicon
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for a high-speed fighter-type alrplane {limit positive maneuver

load factor of 8.0), for a light bomber=-type airplane (limlt positive
maneuver load factor of 3.67), and for a large transport-type aire
plane (limit positive maneuver load factor of 2.5). These examples
were selected to give two extreme cases and one intermedlate cese.

For all examples, certain sssumptions have been made to supply
the lacking data and to simplify the estimates of speed~-time
distribution and nuuber of critical gusts. Three speeds have been
assumed es follows: 0.8V, Vi, and V. The sirplane will be

asgumed to spend 1ts entire life only at these three speeds. Since
it appears prcbable that flying speed will generally be reduced
below O.SVL during pericds of turbulence and since such reduction

will result in lowered loed factors for a given value of Ugpp, this

assumption will be comservative. The toltal number of critical gusts
thet can be permitted during the life of en airplane has been
axrbitrarily set at 15. This value is not believed to be unreasonably
low, yet it avoids any necessity for considering the posgsibillty. of
fatigue fallurs. In order to equalize the chances of failure, this
total number of critical guste is evenly distributed among the three
gpeeds; five critical gusts are hence permltted at each speed.

High-speed fighter-type airplane.- A hypothetical high-~speed

fighter~-type airplane was assumed, of which the pertinent dimensions
and performence chsracteristics are given in table I. In the con~-
struction of the V-n dlegram given in figure 3, a 30~foot-per-mecond
gust was assumed for all speeds up to Vg; in addlticn, the usual
Glauert compressibility factor was applied to the slope of the 1ift
curve, with operation at sea level assumed. No correction was applied
for changs in airplane attltude because the alrplene was assuwned to
be sufficlently clean to approach V; in a relatively shallow dive.

The conditions assumed are glven in table I and consist of two
values of airplane life of 1,000,000 and 500,000 miles and two
assumed, speed-distribution patbterns. The values for alrplane 1life
have been intentionally selected to be conservative; the higher value,
however, which corresponds to 6 flying hours per day at 360 miles per
hour for a period of 15 months, is belisved to be excessive., It will
be noted that the speed-distribution patterns are essentially alike
sxcept that the proportion of flying miles spent at the higher gpeeds
hes been increased for condition IT. The values of load factor
obtained are plotted in figure 3 and are Jolned by stralght lines to
facilitate their study.

Iight bomber~type airplene.~ A light bomber-type alrplane has
been chosen that 1e similar to some now in military service.
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The pertinent dimensions and performence characheristics are given in
table II. In the construction of the Ven diagram given in figure &4,

a 30-foot-per-second guet was assumed for all speeds up to V., com-
preseiblility effects being neglected. The V-n dlagrem 1s made for two
values of wing loasding in order to show the effect of thls parameter.
It will be noted that the gust load factor is critical only for the
light wing loading.

The conditions assumed are glven in table II and comsist of two
values of alrplane life of 1,000,000 and 5,000,000 miles, of two wing
loadings, and of two speed distributions. The lesser of the two
agsumed values of airplene life 18 conslidered to be reasonable for
this type of alrplene; the higher value, which corresponds to 10 years
of dally operation at 0.8V: for 7 hours pew day, ie included to
show the effect of a radicaf change in operating life on the gust
load factor. The two speed distributions wers selected because under
combat conditions e higher proportion of time is expected to be spent
at Vp« The values of load factor obitained are shown in figure b
and are Joined by straight lines to facilitate their study.

Large trensport-type alrplane.- A large transport-bype airplane
that is reasonably representative of present-day designs was assumed.
Pertinent dimensions and performence characteristics are given in
teble ITT. In the construction of the V-n dlagrem shown in flgure 5,
a 30-foot-per-second gust was &ssumed for all speeds up to Vy, after
which the gust was agsumed to decrease linearly to 15 feet per second
at Vg. No corrsotion for campressibility was applied in this cass.

The conditions assumed are given in table III and conslst of
two velues of airplane 1ife of 5,000,000 miles and 15,000,000 miles
end of three speed distributions. The lesser of these two values of
alrplane 1ife is belleved to be scmewhat low In view of present uti-
lization trends; this value corresponds to operation for 12 hours psr

day for approximstely 6— years at an averags speed of 180 miles per

hour. The greater of these two values is distinct conservative and,
for the same uwtllizetion and average speed, ammm‘us to approximately
19 yearg of operatlion. The speed distributions have been selected to
represent two extreme cases and one intermedlate case. For
extreme case, the airplane 1s considered to spend 24 percent of its
operational life at Vy; for the other extrems cape, the airplane is
considered to spend only 5 percent of 1ts operational life at Vy.
The intermediate case is coamsldered to be more nearly representative
of actual conditions. PFor all cases, it is assumed theat the airplsne
will spend 1 porcent of its lifetime at V, his agsumption is
highly conservative, as unpublished V-G da for transports indicate
that, although Vy may sometimes be considerably exceeded, the

\
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attainment of a speed in excess of Vg 18 an extremely rere occur-
rence. The values of load factor obtained are shown in figure 5
end are Jolned by etraight lines to facilitate their study.

DISCUSSION

The discussion that follows is divided into three parts. The
first part deals with the general implicatlons and relations of the
snelysis; the second part discusses the resulis obtained by tho
specific oxamples; the third part discusees possible sources of
inconsistency between resulte of the analysis and future measure~
ments, as well as certain limltations of the analysise.

Genoeral

Average number of miles per critical gugh.- The value of Ao, 18
based on the assumption that it will be applied to a large numbor of
airplanes flying & large number of miles. In othex words, given &
large nunber of alrplenes, all of which have flown the same distence,
it is possible that some of the airplanes may never encounter the
predicted number of critical guste whereas others may encounter
soveral times the predicted number. Nonetheless, the average for all
airplanes will approach the predicted value.

Distribution of total number of critical gpusts.- The procedure
used herein hag been to distribute the total number of gusts equally
among all speed brackets and thus to specify that the probebility of
failure be the same for all speeds. An alternative method might be
to distribute the total number of critical gusts in proportion to the
number of milse flown in sach speed bracket; this method has not been
used., howsver, as this procedure would be -tentamovnt to requiring that
the higher the speed, the safer the ailrplane. Co

Increasing the number of speed bracketes and thus decreasing the
number of miles flowm in each speed bracket malkes Ar... approach &
limlting value since the total nmumber of ceitical gusts ls constant;
honce, developing a continuous V-n envelope 1s possible for the entire
speed range fran the ¢cut~off imposed by CNma.x to Ve The actual

speed distribution would have to be precisely .mown, however, before
such an envelove could be more then approximatoed.

Effect of speed distribution.- The effect of a change in speed
distribution can readily bo determined by reference to figure &, '
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which was cobtalned from figure 2 by means of the relation

M o= Wlgpr = W f(hcr)

where f()»cr) is a function expressing the relatlion between Ugse

end Agpe At a constant speed (constant w) the magnitude of the
effect of a change in speed dlstribution is readlily seen to be a
function of XAg,.. Over the range from X,,. = 10 ©o Agy = 100,000,

however, a tenfold increase in Mg, for any value of w will only
increase An by a value from 27 percent to 36 percent. The gpeed
distribution, therefore, need not be known with exactitude. Con~

" versely, slight changes in An will result in large changes of
operational life.

Ccmperison with current criterion.- The question may be raised
as to whethor the analysis will show a larger or a smaller load
factor than the current gust-load criterion. For the case of an
airplane designed for a 30-foot-per-second gust at Vy eand with
compressibility effects neglected, the following relationship will
hold:

An Ueffve f('f\'cr)ve

&g, = T30V, T T 30vg

where Any 1s the increment of load factor rosulting from & 30-foob-

por-second gust acting at Vy. This relationshlp is shown in figure 7
Por three vaeluecs of An/Ang.

Examination of figure 7 indicates that, in terms of the analysls
previously presented herein, the current gust~load criterion appears
to yield reasonsble values of opeyational life, particularly in view
of the probebility of reduction in speed during periods of severe
turbulence.

Effect of changes in speed on spacing of critical gusts.~ The
effect of a change in speed on the spacing of critical gusts will
depend on whether that spacing is referred to limit load factor or
to nltimate lo=d factors IT A’cr refers to 1limit load factor, the
effect may then be determined for the generalized case by reference
to figure 6, The change in Mg for a given chenge in w is a
function of An and decroases as An decreases. This application
1s squivalent To staeting that as the requlired load factor decreases
the effect on Ay, of a change in speed likewlse decreases. For

the specilal case of an alrplane that is initially designed for a
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30-foot~per-second gust at Vy, referenco may be mede to figure T,
in which it will be noted that reducing the speed from Vy 10

0.8V1, incremses the operational life by & factor of 5.5, whereas
reducing the spsed to 0.667VL increeses the operational life by &
- factor of 2k,

A different situation existe when the spacing of critical
guste 18 referred to the ultimate load factor, es the ultimate load
factor is currently detéimined by applying a multiplying factor to
the limlt load factor - not to the increment of locad factor. As
a result, the values of Mgy for ultimate load factor will depend

on the value of Any and on the direction (positive or negative)
of the gust. In order to phow the megnitudse of this effect, the

values given in teble IV have been computed for an alrplene designed
for a 30-foot-per-second gust at Vy and for Any = 2.0 by

extrapoclation of the straight-line relation for Ugep—25 foet

per sscond given in figure 2. These values, when multiplied by 10,
may be consldered typlcal for en alrplane of the DC~3 clase.

The resulte glven in the last two columms of teble IV are of
particular interest in regard to the probabllity of complete struc=
tural failure. The significant difference between critical gust
spacing for positlive ultimate load factor )"cr_-p and. critical gust

spacing for negatlve ultimste load factor "\’Gl'n indicates the

1lloglcality of current use of the ultimate. factor of safety, as the

. chences of complete structural failure are from 50 to 400 times as
great for negative gusts as for positive gusts. This 1lloglcallty is
pointed out even more forcefully by comparing colums 2 and 4, whereby

1% V111 be noted thet the retio of Ao, %o —p- verles fram 15

to 30. This ratio implies that, on the average, If an airplane
encounters from 15 to 30 negative gusts of sufficlent megnitude to
exceod the limit load factor, one of the gusts will exceed negative
ultimate load factor.

Examples

- Blgh-spsed fighter-type airplane.- A question that may legiti-

mately be raised concerns the propriety of applying sust-frequency
date obteined during regularly schedulod transport operations to

the design of specialized military airplanes. Reference 1 shows that
relative frequency distribution of effectlve gust veloclty 1s sub=
stantlally unaffected by terrain, altitude, alrplane size, and alr=
plane characteristicsj hence any errors that may arise in the




NACA TN No. 1268 11l

epplication of the data of reference 1 to militery airplenmes will
concern only the frequency of gusts per nile of flight. Although no
specific informetion on this subject is &vailable, it appears
reasonable to assume that military airplenes, esnecially of the fighter
type, will not gensrally encounter gust fregusncies so high as

50/ gusts per mile. The use of trangport operational date would there-
fore appear to be conservative; the degree of congervatism is not thought
to be excessive in view ¢of the relatively slight change in Ugpp that
will be obtained by a large change in Agp.

Reference to figure 3 shows that the effect on load factor of
& change in speed distribution is small. If the time spent at Vg
is mulitiplied by 2.5, the load factor will be increased by only ebout
six~tenths of a load factor, or about 12 percent Tfor the worst case
(negative gust). Such a result would be expected as, not only will
most of the airplane life he spent in the lowest speed bracket, but
also a large chenge In A., will not meriously affect Uggr * Errors
ag large as 100 to 200 percent can appavently be tolerated in esgti-
mating the proper values of Lf, for the higher speeds . (Vy and Vg).

Ingpection of figure 3 shows that the eppllication eof a 30-foot-
por-second gust at Vg, in coanbination with a compressibility
corraction, results in a positive limit gust load factor greater than
10.5. The results of the analysis, on the other hand, indicate thatb
only positive maneuvering loads are critical for design, although
negative gust lcads are still critical at Vg. Hence, in regard to
the design of high-speed airplanes for which & 30~foot-per-second gust
may be assumed to act in conjunction with epeeds up to Va, the
analysis indicates that the present criterion is highly con-
servative. Such excessive conservelism may easlly result in severe
weight penalties that are unnecessary to preserve the structural
integrity of the airplane; in the #pecific case presented, comsideratioms
of life expectancy would probebly reduce ’che airplane structural weight by
an amount fram %00 to.800 pounds.

Light bombsr-type_airplane.- The effect on load factor of a change
in speed distribution is agein seen to be relatively small (fig.s).
The effect of an extreme change in aperaticnel life (by a factor of 5)
1s geen to outweigh considerably the effect of a changed speed distri-
bution; even this effect, however, is not excessive.

The enalysis indicates that for a wing loadinz of Ll pounds per
gquare foot, the maneuver loads are critical Ffor Gesign. If the alr-
Plene 1s initially deslgned for a wing loading of 22 pounds per squere
foot, however, consideratlions of life expectancy show & potential
reduction in gust load factor to the point at which only maneuvering
locds are critical in design. It should be noted, moreover,
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that the airplane with a wing loading of 22 pounds per square fooit
can be consldered egquivalent to the heavier airplans at reduced
gross welght; hence considerations of life expectancy may be used
to reduce local load factors, such as those applied to engine
nacellss and supports.

Large transport=-type eirplane.- Since trensport-type airplenes
are designed to low maneuvering load factors as compared with
present militery alrplanes, the effect on load factor of a change in
gpeed. dlstribution can be expected to be relatively greater, Even
in the present case, however, the change does nobt appear to be
excegsive. ¥or examnle, figure 5 shows that 1f the time spent at
Vy, (conditions X end XI) is mwltiplied by a factor of nearly 5,
the change in load factor is about 0.3Gn. Multiplying the operational
life by & factor of 3 has nearly the same effect (conditions VIII
and IX); that is, the maximum load factors are increased by about
three~tenths of a load factor.

The enalysis shows an increase in the gust load factor at Vg.
Such an increase might result in increased structural welght; the
magnitude of welght increase would depend on the specific airplane
characteristics and design and is hence not further discussed. The
load factors at Vg, however, can be reduced by reducing the relative
proportion of time spent at that speed, provided experimental evidence
warrants 1t. With regard to the fact that the current civil gust
design criterion specifies that Uger be 15 feet por second at VG,

figure 2 shows that £, would have to be changed from 0.0l to 0,0006
to become equivalent to the present criterion. TUnpublished date from
the analysis of V-G records show that the proportion of time spent

at speeds in excess of Vy, 1s extremely varlable and depends, among
other things, upon the type of alrplane and upon the operator. As
previously mentioned, for an airplane to attain Vg is extremely
rere during domestlic transport opesrations; however, further statisti=--
cal date are requlred to permit the assigoment of a propeyr value to
fy for Vg or to determine an intermediate speed between Vy and
Voo In the enalysis, moreover, the probability of encountering a gust
of a given magnitude has been assumed to be the sems whatever the air-
plane speed; that is, the curve of figure 2 may be applied to any
classlfication of alrspeed. This assumption implies that the trans-
port pilot mekes no attempt to reduce spesd in rough air and thus to
reduce the loads due to a given gust. In setbing up design criterions,
however, no other assumption can be made untll such time as transport
pilots cen be shovm universally to reduce speed during periods of
turbulence.

It 18 especlally noteworthy thaet, for the present case, assuming
vwhet are belisved to be reascneble values of M\, results in design
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load factors at Vi, that closely approximate the values ovtainsd by
current methods.

Iimitations

At the present time, no date asrs available to check the resulis
of the analysis. When such &eate become available, it is possibie
that tecause of the limitstions of the analysis, inconeistencies
mey be found in the resulis given herein. Thrse factors eppear o
be of particular significance, that 1s, average frequency, frequency
distribution, and relative alleviation factor.

Average frequency.- The average fraquency of 50/6 gusts per
mile selected for the analysis is based on sn averaw path ratio
(ratio of lsngth of flight path during which significent gusts are
encountered to tctel length of flight path) of 0.l. The path ratio
may be considerably affsected by such iteme as alrplane route (terrain),
Tfligcht plen (altitude), and dispatching practice (prediction of
adverse weather conditions with consequent dstouring or "grounding"
of flights}, and is known to vary from 0.006 (3/C gusts per mile) to
0.2k (120/c gusts per mile). (See reference 1.

As mentioned in the preceding discussion of the large itransport-
tyve airplane, the assumption has been mede that the transport pilot
make no attermpt to reduce speed in rough asir. This assumption nakes
it possible to use a single average velue of gust fregquency for all
airspeed classifications. It is entirely possible, howsver, for
the pilot to exercise his judgment and to fly at high speed only
in smooth air and to reduce spesd only during periods of turbulence.
This procedure has the effect of reducing the path ratio for ths
high-speed classifications and, hence, of reducing the average frao-
quency of gusts encountered; at tie same time, the path ratios will
be inocreased at the lower spesds with a consequent increase in averags
freguency. As a result, the reguired load Pfactors atb high speeds
will be reduced over the values computed by neglecting pilot Judsment;
but at lowered speeds the reduction in required loed factor dus to
reduction in speed tends to balance the increase in required load
factor due to an increase in gust frequency and, hence, the maximum
required load factors may not be greatly affected.

Frequsncy distribution of gusts.- The frequency distribution
selected 1s actually the upper envelope of & numbsr of individual
Trequency distributions. As a result, the selected frequency distri-
bution will not nscessarily correspond to any actual distribution
and, consequently, exact correspondence batween the results of this
enalysis and actual experience is highly improbeble. In addition,
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the selection of a rational envelowe distribution must necosserily
contaln the assumption that opsrating and dispatching prectlce remeln
reagonably constant. For example, if at some time in the future it
becomes possible to predict - and thus to avold - large gusts and if
such avoidance is generally incorporated in operationsl prectlce,

the frequency distribution of large gusts can then be expected to be
correspoudingly modified.

Another factor that might require consideration is that in very
rough air the dwal effect of pilot weactions and of airplans stability
may result in an apparent chenge of freguency distribution. (See
pp. 15 and 16 end fig. 4 of reference 1.) This apparent change in
frequency distribution smounts to an incresse in load factor per unit
gust velocity and will depend on the characteristics of the particular
airplans and on the technigus used by the pilot.

Relative alleviation factor.- The rélative alleviation factor K
(fig. 1 of reference 1) neglects the effsct of various airplanc
parameteors. For specific alrplanes the difference between the valus
of K given in figure 1 of reference 1 and the value of K as
obtained by tests in gust tunnels mey amount to as much as 20 percent.
This difference may result in a discrepancy between cnmputed and
actual miles per critical gust of as much as 500 to £O0 parcent.

Utilization of analysis:~ As previously mentioned, the date on
hand are inadequate to permit the evaluatlon of the foregoing factors.
Much more work will have toc be done before the analysis can be
considered reliable. The analysis, however, would appear to err on
the conservative side and, hence, 1t can prcbably be safely utllized
in cages for whlch current design requirements appear excesgaive,
provided that adequate statistical date are avallable or that
accoptable asgumptions cen be developed. When adequate statlisbical
date becone available and when & reasonebls operatlonal life cen be
defined, it should be nossible to develop a more ratlonal V-n diagram
for gust load factors.

CONCLUSIONS

Statigtical gust date analyzed in conjumction wlth assumptions
concorning the proportlion of times spent at various upeeds indicated
the following conclusions:

3. In the case of high-speed fighter-type airplanes, the .
epplication of a 30-foobt-per-second. gust at speeds wp to the mexirum
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eguivalent permissible gliding or dliving speed appears to give fosipn
losd factors that are unreasonably high . in view of the small amount
of time likely to be spent at such speeds.

2. The current civil design criterion of a 30-foot-per-second
guet acting at the maximum equivalent airspeed in level flight yields
values of design load factor thet glve ressonable operational life
In terme of the enalysis presented.

3. The current application of margins of safety to wing
structure yields values of operational lifc, to complete structural
failure, that depend upon the direction of the gust.

h. Veriations in operational practice, as reflected by
reduction of speed during periods of turbulence, possess a profound
effect upon the structwral integrity of the sirplens.

5. Reasonaeble changes in speed-time distribution do not
materially affect the results of the enalysis presented.

6. Current design requirements may be made more rational at
such time as adequate statisticel data become available on gust
frequency, length of flight path in rough air, and speed distribution.

Langley Memorial Aeronautical Laboratory
Yational Advisory Committes for Aeronautics
Langley Field, Va., Novermber 27, 1946
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TARLE I.- SAMPIE CALCUILATIONS OF IESIG GUST CONDITICGNS
FOR HIGH-SPEED FIGHTER-TYFE ATRPLANE

Pertinent dimensions and performance Condition | Condition | Condition
characteristics I Iz I
Required data
Average 1ife, L, miles 1,000,000 500,000 500,000
Number of allowaeble critical
gusts In each speed bracket, 4 5 P 5
Speed distribution, ., at
0.8vy, - 0.80 0.75 0.8
Vi, 0.18 0.20 0.18
VG, 0-02 0.05 0.02
Meen wing chord, c, Zeet TS T+5 75
Wing loeding, W/S, pounds per
square foot 30 30 30
Slope of 1ift curve, m, per
redlen T 1.6 4.6 3.6
Maximmm gliding speed, Vg, miles
per hour 625 625 625
Maximum speed in level flight, VI. )
miles per hour 450 450 %50
Results of sample calculaticns
Spacing of eritionl gusts, miles, at
0.6vy, 21,300 10,000 10,700
vy 4,800 2,660 2,400
Vo 533 666 267
Critical gust velocity, feet per :
second at, 0.8V 31.0 28.3 28.4
Vi, 25.7 23.9 23.7
Vo 20.1 20.8 18.8
Load factors, g units, at
. ’ ’ k.8 k47 I.49
0 * L -2 -81 "2 -l'h‘? -2 ’1*'9
- 5.31 5.01 4 .98
L -3.31 -3.01 -2.98
v 7-63 7'% 7'20
G y '63 "5 -% "5 020

NATIONAL ADVISGORY
CHAITTEE FOR ABPCNAUTICS
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TABLE II.- SAMPIE CALOULATIONS OF IESIGH GUST CONDITIONS

FOR LIGHT BOMBER~TIFE AIRPLANE

NACA TN No. 1268

Pertinent dimensions and performance |Condition | Condition | Conditiom | Comdition
characteristics Iv v VI VII
Bequired data
‘Anerage life, L, miles 1,000,000 | 5,000,000 | 1,000,000 | 1,000,000
Kunber of alloweble critical gusts
in each speed bracket, 4 5 5 5 5
Speed distribution, I, at
0.8vy, 0.8 0.8 0.75 0.85
v, 0.1k 0.1k 0.2k 0.1k
Yo 0.01 0.01 0.01 0.01
Meen wing chord.,/ ¢, feet .68 9.68 9.68 9.68
Wing loading, W/S, pounds per .
square foo’;‘ ’ Lk.0 k.0 kL .0 22.0
Slope of 1ift curve, m, per
radien » o656 b.66 .66 4.66
Maximmm glid eed, YV, m
per hoglr g speeds Vo 348 348 348 348
Maximm speed in level flight, ¥y,
miles per hour 278 278 78 278
Results of semple calouletimns
Spacing of critical gusts, miles, at
0.87y, ’ ’ 17,560 87,810 15,500 17,560
vy, 2,80 14,460 L ,960 2,8%0
o 207 1,033 207 207
Criticel gust velocity, feet per
second, &t 0.8V, 30.3 36.6 3040 30.3
VL 2]-[- -l 29-8 25'8 2){' nl
£
Lozdsvactors, g units, at .46 2.77 245 3.6%
VL -6 -7 -b5 ~L.64
v 2,46 2.8 2.56 3.64
L -6 -.80 - ~1.
2.39 2.63 2439 3.51
e {-.39 -.63 -39 ~1.51

NATIONAL ADVISORY

COMMITTEE FOR AERCNAUTICS
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TABLE 17T .- SAMEIE CALCULATIONS (F IESIGN GUST CONDITIONS

FOR LARGE TRANSPORT-TYPE ATRPLANE

18

Pertinent dimensions a.na. performance | Condition | Condition | Comdition | Condition
characteristics VIiT X X pan
Required data
Average 1ife, L, miles 5,000,000 | 15,000,000 | 5,000,000 | 5,000,000
Rumber of alloweble critical gusts
in each speed bracket, d 5 5 5 5
Speed distribution, £,, at
0.8, 0.55 0.85 0.75 0.94
Vi, 0.1l 0.4 0.24 0.05
Yo 0.01 0.01L 0.01 0.01
Mean wing chord, ¢, feet . 13.7 13.7 13.7 13.7
Wing loeding, W/S, pounds per
square foot 3 28 28 28
Slope of 1ift curve, m, per radien bt k.7 .7 k.7
Mexrdmm gliding speed, Vg, miles
per hour 296 296 296 296
Yaxtmm speed in level flight, Vi,
miles per hour 22 222 eee 222
Results of sammple calculations
Spacing of critical gusts, miles, at
0.8y, 62,000 186,000 51,800 63,600
V1, 10,200 30,800 17,300 3,650
Vo T30 2,190 T30. T30
Critical gust velocity, feet per
second, at 0.8Vy 35.2 38.7 3.7 3%.5
vy, 26 30.0 30.2 ok .9
A{) 20.9 23.4 20.9 20.9
Load factors, g wnits, at
0.67 ? ’ 3.02 3.22 2.99 3.0l
'L -1.02 -1.22 -.99 -1.0k
{3.03 3.32 3.16 2,78
L 14-03 -1.32 A1.16 -.78
" [ 3.00 3.2% 3.00 3.00
¢ 1-3.00 1.24 -1.00 -1.00

NATICNAL ADVISORY
COMYITTET #OR AERUNAUTICS




TABIE IV,~ EFFECT OF SFEED ON CRITICAL GUST SPACINé

AR
[20g, = 2.0 at 30 fpa]

Ratio of alrplene
gpeed to design
lavel-flight

Critical gust spacing
for 1imit load factor
in elther directiom,

Critical gust spacing
for positive ultimate
load factor, A

Critical gust apacing
for negative ultimate
load factor, XA

speed, V. /Vr 2 /2 *“p “n
o (e
1.0 0.15 x 102 110.0 X 107 2.2 X 107
.8 11 3,200.0 26.0
667 9.0 110,000.0 280.0

RATIONAL ADWISORY
COMMITTEE FOR AEROKAUTICS

81
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